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(57) ABSTRACT 
Disclosed are a display and a method of driving the display. 
The display includes a display panel on which a plurality of 
data lines are formed, a data driver for Supplying data Voltages 
generated by modulating input image data to the respective 
data lines. The data driver includes a precharging unit for 
selecting a specific precharge Voltage from a plurality of 
precharge Voltages applied to the data driver depending on 
grayscale sections of the input image data, and for precharg 
ing the selected precharge Voltages to the respective data 
lines. 
A predetermined Voltage is precharged according to a gray 
scale section of image data and then applied to a pixel, 
whereby Voltage rising time and Voltage falling time when 
charging the pixel can be shortened. Therefore, even though 
the chargetime of the pixel is shortened and bias current of the 
data driver is thus reduced, it is possible to obtain high driving 
performance. In addition, since the bias current of the data 
driver is reduced, overall current consumption is reduced and 
heat generation can also be Suppressed. 

6 Claims, 5 Drawing Sheets 
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DISPLAY DEVICE HAVING PRECHARGE 
OPERATIONS AND METHOD OF DRIVING 

THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims priority from Korean Patent Appli 
cation No. 10-2007-005.6168 filed on Jun. 8, 2007 in the 
Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a display and a method of 

driving the display. 
2. Description of the Related Art 
A liquid crystal display is one of various types of display 

devices. In a liquid crystal display, liquid crystal material is 
interposed between two substrates having electrodes thereon, 
and different voltages are applied to the two substrates to 
generating an electric field, so that alignment of the liquid 
crystal molecules is controlled. Accordingly, light transmis 
sivity is controlled, whereby the liquid crystal display dis 
plays images. 

The liquid crystal display includes a plurality of pixels in 
which a pixel electrode, red R, green G and blue B color filters 
are formed. The pixels are driven by control signals Supplied 
through signal lines to display images. The signal lines 
include a gate line through which gate signal (or scan signal) 
is transmitted, and a data line through which data signal (or 
grayscale signal) is transmitted. A thin film transistor con 
nected to one gate line and one data line is disposed in each 
pixel. The Voltage level of the data signal is changed accord 
ing to image data, and the gate signal is used to turn on or off 
the thin film transistor. The data signal is supplied to the pixel 
electrode to charge the pixel while the thin film transistor is 
turned on, so that the transmissivity of liquid crystal is con 
trolled and desired images are displayed. 

The gate signal (or gate Voltage) and the data signal (or data 
Voltage) are Supplied through a gate driving chip connected to 
the respective gate lines and a data driving chip connected to 
the respective data lines. In general, the data driving chip 
includes a more complicated inner circuit compared to the 
gate driving chip. Current consumption of the data driving 
chip is therefore generally larger than that of the gate driving 
chip. In addition, as a demand for displays having fine pitch 
and high resolution has increased recently, the number of 
required pixels and an amount of image data to be processed 
has also increased. For this reason, current consumption of 
the data driving chip is also increasing rapidly. For example, 
a liquid crystal display of a full high definition (FHD) grade 
which is of current interest, requires a processing ability for 
image data having much higher bits (about 8 bits or more) 
compared to a conventional liquid crystal display. For this 
reason, the current consumption of the FHD liquid crystal 
display has increased. Further, in some liquid crystal dis 
plays, pixels are driven at a frequency of 120 Hz, which is 
about twice the typical frequency, in order to increase the 
response speed. The time allocated for charging the data 
signal is thus reduced due to the high speed driving. Thereby, 
bias current of the data driver needs to be increased to attain 
a desirable display quality. As a result, the current consump 
tion is increased. Further, malfunction of the chips is more 
likely due to a heat generation caused by the increased current 
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2 
consumption, so that the chips are damaged resulting in a 
higher defect ration for the displays. 

SUMMARY OF THE INVENTION 

An aspect of an embodiment of the present invention pro 
vides a display capable of reducing a Voltage rising time and 
a Voltage falling time while charging a pixel by precharging a 
predetermined Voltage depending on a grayscale section of 
image data and then applying the precharged Voltage to a 
pixel, and a method of driving the same. 

Another aspect of an embodiment of the invention provides 
a display that can improve driving performance without 
increasing current consumption by Substantially reducing the 
charging time of a pixel and can preserve a desirable display 
quality even during high speed driving, and a method of 
driving the display. 

According to an exemplary embodiment of the invention, a 
display includes: a display panel on which a plurality of data 
lines are formed; a data driver for Supplying data Voltages 
generated by modulating input image data to the respective 
data lines, wherein the data driver is supplied with a plurality 
of precharge Voltages and includes a precharging unit for 
selecting a specific precharge Voltage from the plurality of 
precharge Voltages depending on grayscale section of the 
input image data, and for precharging the selected precharge 
Voltage to the corresponding data line. 
The data driver may include a decoder unit that modulates 

the input image data into data Voltages suitable for driving the 
display panel, and an output buffer unit that applies the data 
Voltages to the data lines. Further, the precharging unit may 
output a precharge voltage between the decoder unit and the 
output buffer unit. 
The data driver may further include a precharge capacitor 

connected to a front end of the output buffer unit. 
The display may further include a grayscale reading unit 

that controls the selection pattern of the precharging unit 
depending on the grayscale sections of the input image data. 
The grayscale reading unit controls the selection pattern of 

the precharging units depending on high n bits of the input 
image data. For example, the grayscale reading unit may read 
a high 1 bit of the input image data, and control the selection 
pattern of the precharging unit. That is, the precharging unit 
may select a low grayscale precharge Voltage when the high 1 
bit of the input image data is “0”, and may select a high 
grayscale precharge Voltage when the high 1 bit of the input 
image data is '1'. In this case, the low grayscale precharge 
Voltage may have a Voltage level corresponding to a middle 
grayscale in a low grayscale section, and the high grayscale 
precharge Voltage may have a Voltage level corresponding to 
a middle grayscale in a high grayscale section. 
The display may further include a grayscale Voltage gen 

erator for outputting a plurality of Voltages generated by a 
Voltage dividing unit to the data driver. The precharging unit 
may use a part of the plurality of Voltages as the plurality of 
precharge Voltages. 
The precharging unit may be provided in plurality of sec 

tions corresponding in number to the number of data lines. 
The display panel includes a liquid crystal layer. 
According to another exemplary embodiment of the inven 

tion, a method of driving a display on which a plurality of data 
lines are formed includes: receiving image data from outside; 
generating data Voltages by modulating the input image data; 
selecting one of a plurality of precharge Voltages depending 
on a grayscale section of the input image data; and Supplying 
the selected precharge Voltage and the data Voltage to a cor 
responding data line. 
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In the selecting step, one of the plurality of precharge 
Voltages may be selected depending on a grayscale section 
read from high n bits of the input image data. For example, a 
low grayscale precharge Voltage may be selected when the 
high 1 bit of the input image data is read as a “0”, and a high 
grayscale precharge Voltage may be selected when the high 1 
bit of the input image data is read as a “1”. In this case, the low 
grayscale precharge Voltage may have a Voltage level corre 
sponding to a middle grayscale in a low grayscale section, and 
the high grayscale precharge Voltage may have a Voltage level 
corresponding to a middle grayscale in a high grayscale sec 
tion. 

In the Supplying step, the selected precharge Voltage may 
be supplied to a corresponding data line ahead of the data 
Voltage. 
The method of driving the display may further include 

generating a plurality of voltages for displaying grayscales by 
dividing a reference Voltage received from outside. A part of 
the plurality of voltages may be used as the plurality of 
precharge Voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the inven 
tion will become more apparent in light of the following 
detailed description of the preferred embodiments thereof 
with reference to the attached drawings in which: 

FIG. 1 is a block diagram of a liquid crystal display accord 
ing to an embodiment of the invention; 

FIG. 2 is a combination circuit and block diagram of a 
grayscale Voltage generator according to the embodiment of 
the invention: 

FIG. 3 is a block diagram of a data driver according to the 
embodiment of the invention; 

FIG. 4 is a block diagram of an output part of the data driver 
according to the embodiment of the invention; and 

FIGS. 5 and 6 are timing charts illustrating charging pro 
cess of pixels according to the embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, exemplary embodiments of the present inven 
tion are described in detail with reference to the accompany 
ing drawings. 

However, the invention is not limited to the following 
embodiments. Further, the invention may be embodied in 
many different forms and should not be construed as being 
limited to the embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete and will fully convey the concept of 
the invention to those skilled in the art. Like reference numer 
als refer to like elements in drawings. The terminology used 
herein is for the purpose of describing particular embodi 
ments only and is not intended to be limiting of the invention. 
As used herein, the singular forms “a”, “an and “the are 
intended to include the plural forms as well, unless the con 
text clearly indicates otherwise. 

FIG. 1 is a block diagram of a liquid crystal display accord 
ing to an embodiment of the invention, and FIG. 2 is a com 
bination block and circuit diagram of a grayscale Voltage 
generator according to the embodiment of the invention. 

Referring to FIG. 1, a liquid crystal display according to an 
embodiment of the invention includes a liquid crystal display 
panel 100 on which a plurality of pixels are arranged in a 
matrix form, and a liquid crystal driving circuit 1000 for 
controlling the pixels. The liquid crystal driving circuit 1000 
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4 
includes a gate driver 200, a data driver 300, a driving voltage 
generator 400, a grayscale Voltage generator 500, and a signal 
controller 600 for controlling the units. The data driver 300 
Supplies data signals corresponding to image data R,G, and B 
to the respective pixels. In this case, the data driver 300 
Supplies predetermined Voltages that are precharged as a 
function of the respective grayscale sections of the image data 
to the pixels together with data signals. 
The liquid crystal display panel 100 includes a plurality of 

gate lines G1 to Gn extending in one direction, a plurality of 
data lines D1 to Dm extending in another direction to intersect 
the gate lines, and a plurality of pixels provided at intersec 
tions of the lines. There are provided a thin film transistor 
TFT, a liquid crystal capacitor Clc, and a storage capacitor Cst 
in each pixel. In this case, gate terminals of the thin film 
transistors TFT are connected to the gate lines G1 to Gn, and 
source terminals thereofare connected to the data lines D1 to 
Dm. Further, drain terminals thereof are connected to the 
pixel electrodes (not shown) of the liquid crystal capacitors 
Clc. The thin film transistor TFT operates on the basis of a 
gate turn-on Voltage Von applied to the gate line G1 to Gn, and 
transmits data signal from the data line D1 to Dm to the liquid 
crystal capacitor Clc and the storage capacitor Cst. The liquid 
crystal capacitor Clc includes a pixel electrode, a common 
electrode facing the pixel electrode, and a liquid crystal layer 
interposed therebetween as a dielectric layer. When the thin 
film transistor TFT is turned on, a data signal is charged in the 
liquid crystal capacitor to control the arrangement of mol 
ecules in the liquid crystal layer. The storage capacitors Cst 
includes a pixel electrode, a storage electrode facing the pixel 
electrode, and a protective layer interposed therebetween as a 
dielectric layer. The storage capacitor keeps the data signal 
charged in the liquid crystal capacitor Clc, until the next data 
signal is charged in the liquid crystal capacitor. The storage 
capacitor Cst which is Supplemental to the liquid crystal 
capacitor Clc may be omitted. It is preferable that each pixel 
specifically displays one of the three primary colors (red, 
green, blue). For this purpose, each pixel is provided with a 
color filter. Further, a black matrix for preventing light leak 
age is provided between the pixels. 

There is provided a liquid crystal driving circuit 1000 
including a signal controller 600, a driving Voltage generator 
400, a gate driver 200, a grayscale voltage generator 500, a the 
data driver 300 outside the liquid crystal display panel 100. 
Parts of the liquid crystal driving circuit 1000, for example, 
the gate driver 200 and the data driver 300, may be provided 
outside the display region of the liquid crystal display panel 
100. In such an embodiment, the gate driver 200 and the data 
driver 300 may be directly formed on a lower substrate of the 
liquid crystal display panel 100 (ASG method), or manufac 
tured separately so that they can be mounted on the lower 
substrate using well known methods such as the COB (Chip 
On Board) method, the TAB (Tape Automated Bonding) 
method, or the COG (Chip On Glass) method. The gate driver 
200 and the data driver 300 in this exemplary embodiment 
may be manufactured as one or more chips and mounted on 
the lower substrate. Further, the driving voltage generator 400 
and the signal controller 600 may be mounted on a printed 
circuit board (PCB) and connected to the gate driver 200 and 
the data driver 300 through a flexible printed circuit (FPC) so 
as to be electrically connected to the liquid crystal display 
panel 100. 
The signal controller 600 receives an input image signal 

and an input control signal from an external graphic controller 
(not shown). For example, the signal controller receives an 
input image signal including image data R, G and B, and an 
input control signal including a vertical synchronization sig 
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nal VSync, a horizontal synchronization signal Hsync, a main 
clock MCLK, and a data enable signal DE. 
The signal controller 600 processes the input image signal 

based on the operational condition of the liquid crystal dis 
play panel 100, and generates internal image data R,G, and B. 
Further, the signal controller 600 generates a gate control 
signal CONT1 and a data control signal CONT2, and then 
transmits the gate control signal CONT1 to the gate driver 
200, and transmits the image data R, G, and B and the data 
control signal CONT2 to the data driver 300. The image data 
R, G, and B are rearranged according to the arrangement of 
the pixels in the liquid crystal display panel 100, and may be 
corrected by an image correction circuit. The gate control 
signal CONT1 may include a vertical synchronization start 
signal STV for instructing start of output of the gate turn-on 
Voltage Von, a gate clock signal CPV, and an output enable 
signal OE. The data control signal CONT2 may include a 
horizontal synchronization start signal STH for indicating 
start of transmitting of the image data, a load signal LOAD for 
instructing Supplying the data signal to a corresponding data 
line, and an inversion signal RVS for instructing inversion of 
the polarity of a grayscale Voltage with respect to a common 
Voltage, and a data clock signal DCLK. 
The driving Voltage generator 400 can generate and output 

various driving Voltages required for driving the liquid crystal 
display panel 100 by using power input from an external 
power source. For example, the driving Voltage generator 400 
generates a gate turn-on Voltage Von for turning on the thin 
film transistor TFT and a gate turn-off voltage Voff forturning 
off the thin film transistor TFT, and supplies them to the gate 
driver 200. Further, the driving voltage generator 400 gener 
ates a common voltage Vcom, and supplies the common 
Voltage to the common electrode and the storage electrode. 
The gate driver 200 starts operation according to the ver 

tical synchronization start signal STV. Further, the gate driver 
200 is synchronized with the gate clock signal CPV, so that 
the gate driver sequentially outputs analog gate signals 
including the gate turn-on Voltage Von and the gate turn-off 
Voltage Voff, which are input from the driving Voltage gen 
erator 400, to a plurality of gate lines G1 to Gm disposed in 
the liquid crystal display panel 100. In this case, gate turn-on 
Voltage Von may be output in a high period of the gate clock 
signal CPV, and the gate turn-off voltage Voff may be output 
in a low period of the gate clock signal CPV. The gate driver 
200 may include: a shift register unit for sequentially gener 
ating a scan pulse in response to the gate control signal 
CONT1 which is transmitted from the signal controller 600; 
and a level shifter unit for increasing the scan pulse Voltage to 
a desirable level for driving the pixels. 

Referring to FIG. 2, the grayscale voltage generator 500 
divides a gamma voltage GVDD input from an external 
power Source in order to generate grayscale Voltages VG 
having various levels, and then Supplies the grayscale Volt 
ages to the data driver 300. The grayscale Voltage generator 
500 includes: a voltage dividing unit 511 and 521 for gener 
ating a plurality of divided Voltages using the gamma refer 
ence voltage GVDD; a multiplexing unit 512 and 522 for 
selecting a part of the divided Voltages to output as a plurality 
of gamma Voltages VIN; and a grayscale Voltage output unit 
513 and 523 for generating a plurality of grayscale voltages 
VG using the plurality of gamma Voltages VIN and outputting 
the grayscale voltages. The voltage dividing unit 511 and 521 
may include a string of resistors connected in series between 
the gamma reference Voltage GVDD and the ground Voltage 
VSS. Further, variable resistors may be connected in series 
between the resistors in the string, so that the dividing interval 
of the gamma voltages VIN can be finely controlled. The 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
multiplexing unit 512 and 522 includes a plurality of multi 
plexers MUX. Each multiplexer MUX selects one of the 
divided Voltages input, and outputs the selected Voltage as 
gamma voltages VIN2 to VIN8. In this case, the highest and 
the lowest divided voltages may be directly output as the 
highest and the lowest gamma Voltages without passing 
through the multiplexing units 512 and 522. The grayscale 
voltage output unit 513 and 523 generates and outputs a 
plurality of grayscale Voltages VG using the gamma Voltages 
VIN to be input. The number of the grayscale voltages VG 
may be changed according to the number of bits forming 
image data R, G, and B. For example, when the image data R, 
G, and B is formed of 8 bits, 256 grayscale voltages VG1 to 
VG256 may be generated and output. 

In particular, the grayscale Voltage generator 500 shown in 
FIG. 2 generates a pair of grayscale Voltages having different 
polarities, i.e., a positive grayscale Voltage +VG and a nega 
tive grayscale Voltage -VG, and Supplies the grayscale Volt 
ages to the data driver 300. The grayscale Voltage generator 
500 according to this exemplary embodiment includes a posi 
tive grayscale Voltage generator (see FIG.2(a)) which outputs 
first to 256th positive grayscale voltages +VG1 to +VG256, 
and a negative grayscale Voltage generator (see FIG. 2(b)) 
which outputs first to 256th negative grayscale Voltages 
-VG1 to -VG256. Although the grayscale voltage generator 
500 has been separately provided outside the data driver 300 
in this exemplary embodiment, the invention is not limited 
thereto, and the grayscale Voltage generator may be built into 
data driver 300 to be described below. 
The data driver 300 converts digital image data R, G, and B 

into analog data using the grayscale Voltages VG generated by 
the grayscale voltage generator 500, and applies the con 
Verted analog data to the data lines D1 to Dm as data signals 
DS (DS1 to DSm). In this case, the data signals DS may be 
generated using the positive grayscale Voltages +VG or the 
negative grayscale Voltages-VG, and may be supplied to the 
data lines D1 to Dm with changed polarity according to the 
inversion signal RVS of the signal controller. The configura 
tion and operation of the data driver 300 according to this 
exemplary embodiment is described in detail below. 

FIG. 3 is a block diagram of a data driver according to the 
embodiment of the invention. 

Referring to FIG. 3, the data driver 300 includes a shift 
register unit 310 for sequentially transmitting sampling sig 
nals, a data register unit 320 for temporarily storing image 
data R, G, and B, a latch unit 330 for sampling and latching 
the image data R, G, and B by the sampling signals, a decoder 
unit 340 for modulating the latched image data R, G, and B 
into the data signals DS and outputting the data signals, and 
an output buffer unit 370 for supplying the data signals DS to 
the data lines D1 to Dm. 

In this case, the shift register unit 310 generates a sampling 
signal based on the data control signal CONT2 supplied from 
the signal controller 600, and Supplies the sampling signal to 
the latch unit 330. That is, the shift register unit 310 starts 
operation according to the horizontal synchronization start 
signal STH indicating start of input of the image data R, G, 
and B corresponding to one line. Further, the shift register unit 
outputs the sampling signal generated by Synchronizing with 
a data clock signal DCLK. The data register unit 320 tempo 
rarily stores the image data R, G, and B that is sequentially 
input from the signal controller 600. The latch unit 330 
samples the image data R, G, and B which is temporarily 
stored in the data register unit 320 in response to the sampling 
signal of the shift register unit 310, and then latches the 
sampled data. The latch unit 330 simultaneously latches 
image data R, G, and B corresponding to one line, that is, 
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image data R, G, and B corresponding to each data line D1 to 
Dm, according to the load signal LOAD, and then outputs the 
latched data. The decoder unit 340 modulates digital image 
data into analog data using a plurality of grayscale Voltages, 
and then outputs the analog data as data signals. The output 
buffer unit 370 amplifies the data signals DS generated by the 
decoder unit 340, and then supplies the amplified signals to 
the data lines D1 to Dn. In this case, the output buffer unit 370 
may include a plurality of amplifiers AMP. 

Meanwhile, FIG. 4 is a block diagram of an output part of 
the data driver according to an exemplary embodiment of the 
invention, and illustrates the configuration and operation of 
an output circuit of the data driver 300 connected to the first 
data line D1. 

Referring to FIG. 4, the data driver 300 according to this 
exemplary embodiment includes a precharging unit 351 and a 
grayscale reading unit 361 for controlling the precharging 
unit. Before the data signal DS is supplied or when the data 
signal DS is initially supplied, the precharging unit 351 pre 
charges a predetermined Voltage corresponding to the gray 
scale section of the image data R,G, and B to the data line D1. 
In this case, the precharging unit 351 is connected to an output 
of each decoder 341 and precharges a predetermined Voltage. 
The precharging unit may be provided between the decoder 
341 and an output buffer unit 371 and precharge a predeter 
mined Voltage to the data line D1. Although the grayscale 
reading unit 361 is provided in the data driver 300 in this 
embodiment, the present invention is not limited thereto, and 
the grayscale reading unit may also be provided in another 
module, for example, the signal controller 600. A plurality of 
precharging units 351 and a plurality of grayscale reading 
units 361 may be provided so as to precharge predetermined 
voltages to the plurality of data lines D1 to Dn. The configu 
ration and operation of the grayscale reading unit 361 and the 
precharging unit 351 connected to the first data line D1 is 
described in detail below. 

In general, a grayscale to represent the image data R,G, and 
B is represented by a digital binary number. For example, the 
lowest grayscale of 8-bit image data having 256 grayscales, 
that is, a first grayscale (full black) is represented by 
“00000000. The highest grayscale thereof, that is, a 256th 
grayscale (full white) is represented by “11111111. Accord 
ingly, it is possible to find out which grayscale section among 
2"grayscale levels the corresponding image data R, G, and B 
belongs to by reading the high n bits of the image data R, G, 
and B. Therefore, the grayscale reading unit 361 reads which 
grayscale section among the 2" grayscale levels the corre 
sponding image data R, G, and B belongs to by reading the 
high m bits of the image data R, G, and B. (m is equal to or 
lower than n) Then, the grayscale reading unit 361 generates 
2" control signals SS according to the corresponding gray 
scale section based on the read result. For example, the gray 
scale reading unit 361 in this exemplary embodiment reads a 
grayscale section of the corresponding image data R, G, and 
B by reading a high 1 bit (the highest bit or the most signifi 
cant bit; MSB) of the image data R, G, and B. Then, the 
grayscale reading unit generates two control signals SS 
according to the corresponding grayscale level based on the 
read result. When image data R, G, and B in a low grayscale 
section where a high 1 bit is “0”, that is, first to 128th gray 
scales, is input, the grayscale reading unit 361 generates a 
control signal SS having a low value. When image data R, G, 
and B in a high grayscale section where a high 1 bit is “1, that 
is, 129th to 256th grayscales, is input, the grayscale reading 
unit 361 generates a control signal SS having a high value. 
Then, the grayscale reading unit Supplies the control signals 
to the precharging units 351 respectively. 
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8 
The precharging unit 351 includes a switching circuit that 

selects one of a plurality of precharge Voltages according to 
the control signal SS of the grayscale reading unit 361 and 
outputs the selected voltage for a predetermined time. In this 
case, each precharge Voltage corresponds to a grayscale sec 
tion divided from the entire grayscale, and is adjusted to have 
a voltage level corresponding to a middle grayscale in the 
corresponding grayscale section. For example, when the 
entire 256 grayscales are divided into a low grayscale section 
that is equal to or lower than the 128th grayscale and a high 
grayscale section that is equal to or higher than the 129th 
grayscale, a low grayscale precharge Voltage is adjusted to 
have a Voltage level corresponding to about 64th grayscale 
and a high grayscale precharge Voltage is adjusted to have a 
Voltage level corresponding to about 192nd grayscale. For 
this purpose, the precharging unit 351 according to this 
embodiment uses a part of the gamma Voltages VIN, which 
are output from the multiplexing units 512 and 522 of the 
above-mentioned grayscale Voltage generator 500, as a low 
grayscale precharge Voltage and a high grayscale precharge 
Voltage. For example, when pixels are charged with positive 
voltages, the 10th gamma voltage +VIN10 is used as a low 
grayscale precharge Voltage and the 3rd gamma Voltage 
+VIN3 is used as a high grayscale precharge Voltage. When 
the pixels are charged with negative Voltages, the 13th gamma 
Voltage-VIN13 is used as a low grayscale precharge Voltage 
and the 20th gamma Voltage -VIN20 is used as a high gray 
scale precharge Voltage. 
The Switching circuit may include a first input terminal to 

which a low grayscale precharge voltage +VIN10/-VIN13 is 
applied, a second input terminal to which a high grayscale 
precharge voltage +VIN3/-VIN20 is applied, an output ter 
minal connected to the front end of the output buffer unit 371, 
and a Switching element that performs a Switching operation 
between a plurality of input terminals and output terminals. In 
this case, when the control signal SS generated by the gray 
scale reading unit 361 is in a low state, that is, when the image 
data R, G, and B to be input is a low grayscale section that is 
equal to or lower than the 128th grayscale, the Switching 
element turns on between the first input terminal and the 
output terminal and allows a low grayscale precharge Voltage 
+VIN10/-VIN13 to be output. In contrast, when the control 
signal SS generated by the grayscale reading unit 361 is in a 
high State, that is, when the image data R, G, and B to be input 
is a high grayscale section that is equal to or higher than the 
129th grayscale, the switching element turns on between the 
second input terminal and the output terminal and allows a 
high grayscale precharge voltage +VIN3/-VIN20 to be out 
put. In this case, it is preferable that the turning-on time of the 
switching element be one twentieth to two twentieth of a 
target time required for charging the pixels. For example, 
since 2000 ns is required for charging the pixels in this 
embodiment, the precharging unit 351 turns on the Switching 
element for about 100 to 200 ns and allows corresponding 
precharge voltage +VIN10/-VIN13 or +VIN3/-VIN20 to be 
output. After that, the output precharge voltage +VIN10/- 
VIN13 or +VIN3/-VIN20 is charged into a precharge capaci 
tor Cp connected to the frontend of the output buffer unit 371, 
and then applied to the data line D1 through the output buffer 
unit 371. In this case, the precharge capacitor Cp has been 
separately provided at the front end of the output buffer unit 
371. However, the parasitic capacitance of the data line D1 
may serve as the precharge capacitor Cp. 
A process, where a predetermined data signal is charged in 

each pixel of the liquid crystal display having the above 
mentioned configuration, is described below with reference 
to FIGS. 5 and 6. 
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FIGS. 5 and 6 are timing charts illustrating charging pro 
cess of pixels according to the embodiment of the invention. 

Referring to FIGS. 5 and 6, a common voltage is applied to 
the common electrode of each pixel and a data Voltage is 
applied to the pixel electrode of each pixel. Further, a polarity 
of the data voltage is reversed for every one horizontal period 
1H by the control operation of the gate driver 200 and the data 
driver 300. That is, the gate driver 200 applies a gate turn-on 
Voltage Von to one gate line G1 and turns on the pixels 
connected to the gate line. The data driver 300 supplies data 
voltages for the one line to the respective data lines. Here, the 
data Voltage corresponds to image data R, G, and B. In this 
case, a precharge Voltage corresponding to the grayscale sec 
tion of the image data R, G, and B is supplied to the data line 
for a short time duration (about 100 to 200 ns) by the pre 
charging unit 351. Then, an original data Voltage is Supplied 
to the data line for one horizontal period 1H. The precharge 
Voltage and the data Voltage may be simultaneously applied to 
the data line for a predetermined period. Accordingly, as 
shown in FIG. 5, a low grayscale precharge Voltage is applied 
to a pixel where a high 1 bit of the image data R, G, and B is 
“0”, and the pixel is charged up to a predetermined level 
Vp-L. Then, the original data Voltage is applied to the pixel, 
and the pixel is charged up to a target level Vt-L. As shown in 
FIG. 6, a high grayscale precharge Voltage is applied to a pixel 
where a high 1 bit of the image data R, G, and B is “1”, and the 
pixel is charged up to a predetermined level Vp-H. Then, the 
original data Voltage is applied to the pixel, and the pixel is 
charged up to a target level Vt-H. In this case, the low/high 
grayscale precharge Voltage is generated by the grayscale 
voltage generator 500, and has short rising time (or falling 
time) when charging the pixels. The data Voltage is generated 
by the decoder 341, and has long rising time (or falling time) 
when charging the pixels. As described above, the pixel of this 
embodiment is charged first with the low/high grayscale pre 
charge Voltage having short rising time, and then charged 
with the data Voltage having long rising time, whereby the 
Voltage rising time and the Voltage fallingtime while charging 
the pixel can be shortened. That is, when the pixel is charged 
with a positive Voltage, the rising time of the charging Voltage 
is shortened. When the pixel is charged with a negative volt 
age, the falling time of the charging Voltage is shortened. As 
a result, the charging time is Substantially shortened and high 
driving performance can be obtained eventhough bias current 
of the data driver 300 is reduced. In addition, since the bias 
current of the data driver 300 is reduced, it is possible to 
reduce current consumption and to suppress heat generation. 
The following table shows experimental results of current 

consumption of liquid crystal display panels employing data 
drivers according to a comparative example and an experi 
mental example of the exemplary embodiment of the present 
invention. 
Experimental Results 

Comparative Experimental Rate of 
example example change 

I1 Maximum 18 mA 7.9 mA -12.7% 
Minimum 10 mA 6.2 mA -61% 
I2 95 mA 85 mA -1.1% 

Experimental Conditions 
1. One horizontal period H=21.7 us 
2. Resistance R of Data Line=1092, Capacitance C of Data 

Line=300 pF 
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10 
3. Highest gamma voltage VIN1=13.80 V. Lowest gamma 

voltage VIN11=0.2V 
Referring to the experimental results according to this 

experimental example, it is shown that the bias current I1 
consumed in the data driver 300 was reduced from 61% 
(minimum) to 127% (maximum), and the gamma reference 
current I2 consumed in the grayscale voltage generator 500 
was reduced about 11%. As described above, current con 
Sumption was reduced at least 10% by employing the data 
driver including the precharging unit 351 according to this 
experimental example. 

Although a liquid crystal display has been described as an 
example of various displays in the above-mentioned embodi 
ment, the invention is not limited thereto, and is applicable to 
various displays where a plurality of pixels are formed in a 
matrix form. For example, the invention is also applicable to 
various displays such as a plasma display panel (PDP) and an 
organic EL (electro luminescence). 

Although the present disclosure of invention has been 
described with reference to the accompanying drawings and 
the preferred embodiments, the invention is not limited 
thereto. It should be noted that various changes and modifi 
cations can be made by those skilled in the art in view of the 
present teachings but without departing from the technical 
spirit of the teachings. 
As described above, according to the exemplary embodi 

ment of the invention, a predetermined Voltage is precharged 
according to a grayscale section of image data, and then 
Supplied to a pixel, whereby Voltage rising time and Voltage 
falling when charging the pixel can be shortened. Therefore, 
even though the charging time of the pixel is shortened and 
bias current of the data driver is thus reduced, it is possible to 
obtain high driving performance. In addition, since the bias 
current of the data driver is reduced, overall current consump 
tion is reduced and heat generation can also be suppressed. 
Further, deterioration of the display quality caused by high 
speed driving can be prevented because enough charging time 
of the pixel can be secured even during the high speed driving. 
What is claimed is: 
1. A display comprising: 
a display panel having a plurality of pixels and on which 

display panel a plurality of data lines are disposed; 
a data driver for Supplying to respective ones of the data 

lines, data Voltages generated by a polarity-based modu 
lating of received input image data, wherein the input 
image data comprises a predetermined number of data 
bits per pixel that represent levels of respective and to be 
rendered colors of respective pixels and wherein the data 
driver includes: 
a decoder unit operative to modulate the received input 

image data into data Voltages for driving the display 
panel in accordance with a Supplied polarity control 
signal, the decoder unit being coupled to receive a first 
plurality of grayscale Voltages; 

a precharging unit; and 
an output buffer unit structured and coupled to apply 

respective analog Voltages to respective ones of the 
data lines, the output buffer unit having an input 
coupled to receive buffer driving signals respectively 
from the precharging unit and from the decoder unit; 

wherein the precharging unit is Supplied with a more 
significant subset of the predetermined number of 
data bits per pixel of the received input image data, the 
subset having a fewer number of bits than said prede 
termined number, and wherein the precharging unit is 
Supplied with a plurality of predetermined precharge 
Voltages, the plurality of predetermined precharge 
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Voltages being fewer in number than said first plural 
ity of grayscale Voltages, the plurality of predeter 
mined precharge Voltages not including absolute 
value maximums or absolute value minimums of 
positive polarity and negative polarity ranges covered 
by the polarity-based modulating of received input 
image data, and wherein the precharging unit includes 
a precharge selecting Switch operative to select, from 
the plurality of predetermined precharge Voltages, 
one specific precharge Voltage for application to a 
respective data line according to identification by the 
more significant Subset of data bits per pixel of a 
corresponding one of predetermined grayscale sec 
tions forming said first plurality of grayscale Voltages, 
and the precharging selecting Switch is configured to 
apply the selected precharge Voltage, to the respective 
data line by way of the output buffer unit; and 

wherein the precharging unit further includes a gray 
scale reading unit that controls the precharge select 
ing Switch to operate according to the identified gray 
scale section. 
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2. The display of claim 1, wherein the data driver further 

comprises a capacitor connected to the input of the output 
buffer unit. 

3. The display of claim 1, wherein 
the predetermined precharge Voltages are section-repre 

senting ones of a positive polarity range of grayscale 
Voltages divided into respective sections and ones of a 
negative polarity range of grayscale Voltages divided 
into respective sections. 

4. The display of claim 1, further comprising a grayscale 
Voltage generator that outputs a plurality of Voltages gener 
ated by a Voltage dividing unit and by gamma adjusting mul 
tiplexers for provision to the data driver, wherein the pre 
charging units use a Subset of the multiplexer output Voltages 
as the plurality of predetermined precharge Voltages. 

5. The display of claim 1, wherein the precharging units are 
provided in plurality corresponding to the plurality of data 
lines, respectively. 

6. The display of claim 1, wherein the display panel com 
20 prises a liquid crystal layer. 
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